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ABSTRACT 

The  T-33A  aircraft  is  a  tandem  two  place  single 
engine  turbojet  powered  aircraft  which  is  utilized 
as  a  basic  trainer  and  as  a  combat  readiness  trainer 
throughout  the  Air  Force.  The  standard  configu¬ 
ration  includes  two  230  gallon  tip  tanks.  This  per¬ 
formance  evaluation  was  required  as  a  result  of 
a  recent  command  review  of  the  T-33A  Flight 
Manual.  The  total  flight  time  required  for  the  two 
aircraft  tested  was  31:43  hours  during  the  period 
3  Decembei  1S>60  to  17  January  1961.  Indications 
were  that  the  performance  data  as  presented  in 
the  Fight  Manual  was  not  accurate.  Aircraft  engines 
in  service  presumably  had  suffered  thrust  deteri¬ 
oration  as  a  result  of  many  years  of  service.  Thus, 
the  purpose  of  this  test  was  to  evaluate  the  per¬ 
formance  of  a  r-r 'fsenfative  T-33A  aircraft  with 
an  average  thrust  engine  and  to  determine  the  cause 
for  the  variation  in  performance  between  aircraft. 
To  this  end,  the  most  represenrati’-e,  instrumented 
T-33A  pos.sessed  by  the  USAF  Experimental  Flight 


Test  Pilot  School  was  selected.  For  comparison 
purposes  additional  tests  were  performed  on  an 
aircraft  having  a  low  thrust  engine. 

Test  results  show  a  10  percent  variation  in 
installed  thrust  which  could  cause  even  larger 
percentage  variations  in  take-ufl  and  climb  perform¬ 
ance.  The  cruise  and  endurance  pe  dormancy  is 
relatively  unaffected  by  the  thrust  variations  an.! 
engine  lite.  The  greatest  cause  of  thrust  ..^'i.'it'ni: 
is  not  attributed  to  the  deterioration  of  the  engine 
with  service  life,  but  rather,  '.o  :!.c  broad  thrust 
limits  allowed  after  overhaul  of  the  engine  and 
to  variations  of  v.im  rr,;n  in  flight.  Low  exhaust 
gas  temperatures  (below  685  uegrees  C)  may  indi- 
rpte  a  low  thrust  engine;  however,  positive  cor- 
relatit.,1  of  this  point  was  not  established. 

The  installation  of  a  standard  travel  pod  reduces 
the  climb  performance  slightly  and  has  a  negligible 
effect  on  the  take-off  and  cruise  performance.  How¬ 
ever,  the  cruising  speed  with  the  'ravel  pod  must 


be  reduced  from  tha:  of  the  standard  tip  tank 
configuration  by  .03  Mach  number  at  all  altitudes 
to  achieve  the  same  performance. 

With  a  few  exceptions  the  test  and  Flight  Manual 
performance  data  compare  favorably  for  the  rep¬ 
resentative  aircraft  tested.  The  Flight  Manual  uke- 
off  data  is  optimistic  by  16  to  24  percent,  while 
the  descent  data  examined  is  pessiir  istic  by  approxi 
mately  75  percent.  The  Flight  Manual  cruise  and 
climb  performance  compares  favorably  at  low  alti¬ 
tudes,  but  is  slightly  optimistic  at  high  altitudes. 
Insufficient  descent  and  landing  data  is  presented 
in  the  Flight  Manual. 

The  T-33A  aircraft,  having  been  designed  and 
built  under  early  design  stand. .'.it  and  speci.*icatioiis, 
does  not  have  cockpit  features  which  are  consistent 
with  modern  specihcaticns.  If  it  is  to  be  used  to 
train  pilots  to  fly  modern  aircraft,  certain  changes 
should  be  made  as  noted  in  the  recommendations 
s^^tion  of  this  report.  In  addition,  certain  cockpit 


features  also  noted  constitute  a  flight  hazard  and 
should  be  corrected. 

The  Flight  Manual  places  sideslip  restrictions 
on  the  aircraft  when  carrying  a  travel  pod.  A 
qualitative  investigation  of  the  sideslip  character¬ 
istics  of  the  T-33A  aircraft  with  travel  pod  installed 
was  performed  at  the  request  of  Sacramento  Aii 
Materiel  Area.  Full  rudder  in  both  the 

power  approach  and  cruise  configurations  show 
no  adverse  characteristics  atuibutsbie  to  '.he  navel 
pod.  Therefore,  it  is  recommended  the  iidjslip  re¬ 
strictions  for  the  aircraft  with  travel  installed  be 
the  same  as  for  the  aurraft  with  tip  tanks  insulled. 

An.  eigine  thrust  evaluation,  designed  to  show 
the  variation  in  ei.gine  thrust  caused  by  changing 
some  of  the  critical  engine  components  as  allowed 
by  the  overhaul  specifications,  is  being  conducted. 
This  data  is  not  available  at  this  time  and  the  results 
of  these  tests  will  be  reported  in  an  addendum  to 
this  report. 
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INTRODUCTION 


This  report  represents  the  results  of  performance 
tests  conducted  on  T-33A-5,  USAF  No.  52-98‘<6. 
The  flight  program  was  conducted  at  the  Air  Force 
Flight  Test  Center,  Edwards  Air  Force  Base,  Cali¬ 
fornia,  and  consisted  of  I'i  flight.^  and  28:30  flight 
hours  du'-ini;  fhc  period  from  3  December  1960  to 
17  January  1961.  Two  additional  flights  for  a  total 
of  3:13  hours  were  flown  on  T-33A,  USAF  No. 
3!-895'f  which  had  low  installed  static  thrust. 

The  "■■33A  aircraft,  manufactured  by  the  Lock- 
hcv-l  Aircraft  Company,  is  a  two  place  tandem 
cockpit,  single  turbojet  powered  aircraft  that  is 
utilized  by  Air  Training  Command  as  a  basic  trainer 


and  by  other  Air  Force  commands  cs  a  combat 
readiness  trainer.  At  the  beginning  of  rhe  test  the 
test  air  frame  had  accumulated  2180  flight  lours, 
and  the  engine  had  66  total  flight  hours  since  last 
overhaul.  'I'he  aircra^'  'nd  engine  total  flight  hours 
are  considered  representative  of  the  aircraft  pres¬ 
ently  in  service  throughout  the  Air  Force. 

The  aircraft  was  flown  with  two  230-gallon 
centerline  tip  tanks  installed.  The  gross  weight 
with  full  fuel  was  13,280  pounds  with  a  mid-cenur 
of  gravity  location.  Three  Missions  were  flown  with 
an  external  travel  pod  which  adds  30  pounds  when 
empty. 
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'i'hc  data  from  the  program  was  obtained  to  check 
the  Flight  Manual  data  and  to  determine  any  decay 
of  performance  wi.ile  carrying  an  e«tern_l  travel 
pod.  An  investigation  was  also  conducted  to  de¬ 
termine  engine  performance  variation  with  engine 
life.  Thrust  stand  runs  were  conducted  on  seven 
different  T-3.^A  aircraft  which  had  66  to  .326 
engine  hours  since  last  overhaul. 

An  engine  producing  low  gross  thrust  was  re- 
mo’.  ed  and  tested  in  the  power  plant  test  cell.  Since 
overhaul  tolerances  on  the  J.33-A-.35  engine  allow 


a  wide  variation  in  size  of  various  critical  compo¬ 
nents,  the  test  engine  was  overhauled  and  is  Ivcing 
tested  at  the  high  and  low  values  allowed  hy  the 
engine  specification.  This  is  being  done  to  deter¬ 
mine  the  probable  variation  in  thrust  o.'  the  eng*  '<-s 
in  service.  Results  of  thrw  tests  will  be  reported 
in  an  addendum  report  when  available. 

All  tes,  data  gained  during  the  program  was 
provided  to  Lockheed  i^irciaft  Corporation  as  it 
became  available.  Final  plots  were  forwarded  ro  the 
contractor  on  3  Febriiarv  1061. 


TEST  RESULTS 


■  oookpit  ovaluatlon 

Because  of  the  service  life  of  the  T-33A  aircraft 
and  its  projected  utilization  time,  only  safety  of 
flight  items  and  other  discrepancies  which  can  be 
casily  accomplished  to  conform  with  HIAD  are 
considered. 

Safety  of  Flight  Items 

The  present  ejection  system  is  unsatisfactory.  It 
does  not  provide  ground  level  escape  at  take-off 
and  landing  speeds,  and  it  does  not  provide  positive 
seat  separation  at  any  altitude.  The  extreme  tight 
fit  of  the  SA-17  parachute  in  the  present  ejection 
seat  may  prevent  or  delay  pilot  separation  from  the 
sear  during  ejection.  In  view  of  recent  ejection 
fatalities  attributed  to  the  failure  of  the  seat  to 
separate,  it  recommended  that  a  positive  auto¬ 
matic  seat  separation  device  be  provided  immedi¬ 
ately  and  that  a  ground  level  ejection  system  be 
incorporated  in  the  aircraft  as  soon  as  possible. 

The  locations  of  the  starter,  ignition,  airstatt,  fuel 
sequence,  battery  generator  and  de-icing  switches 
are  unsatisfactory.  'I'beir  secluded  locations  and 
illogical  groupings  are  such  as  to  cause  undue  effort 
and  motions  to  perform  normal  and  emergency 


procedures.  These  switch'js  are  located  in  separate 
parts  of  the  cockpit  and  are  positioned  such  that 
they  are  obscured  by  the  canopy  rails,  throttle  and 
flap  twitch,  making  their  identification  and  acnia- 
tion  difficult.  Identification  and  operation  of  these 
switches  during  night  or  heavy  weather  is  more 
difficult.  For  instance  the  engine  normal  starting 
sequence,  in  addition  to  the  throttle  movement, 
requires  four  switch  actuation  motions  in  various 
locations  in  the  cockpit.  The  airstart  sequence  is 
equally  as  complicated  with  regards  to  motions 
and  can  be  dangeious  during  periods  immediately 
after  take-off  or  during  darkness.  It  is  recommended 
that  these  switches  be  grouped  according  to  func¬ 
tion  in  an  easily  accessible  location  in  the  cockpit, 
and  that  the  number  of  switch  a"  jation';  be  reduce-' 
to  a  iniiiiiiuiai  especially  tor  emergency  procedure- 

The  T-33A  airiraft  having  been  designed  and 
built  according  to  early  desigii  standards  and  speci¬ 
fications  does  not  have  co.:.'‘~pit  features  that  are 
consisi'mt  with  modern  specifii  itions.  If  this  air¬ 
craft  is  to  be  used  to  train  pilots  to  fly  modern 
aircraf'  ''  c-  cockpit  lights  and  color  coding  of  the 
controls  should  be  consistent  with  present  day 
HIAD  specifications.  In  this  light  the  following 
discrepancies  are  noted: 
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1.  A  lurf;c  niiirilxir  uf  crnkpic  inclicatur  and  warn- 
inj;  lifjhts  arc  incorrectly  color  coded.  Red  li{;hts 
should  be  reseved  for  wariil  ig  of  catastrophic 
events  such  as  fire  warning,  canr>py  unsafe,  etc. 
Amber  lights  should  be  used  for  warning  of  items 
requiring  corrective  action  by  the  pilot  such  as 
fuel  sequencing,  electrical  power  faibirr ,  etc  Green 
lights  are  used  to  signify  satisfactory  operation  of 
the  system  concerned.  The  following  cockpit  lights 
should  he  changed  from  red  to  amber: 

a.  Tip  tank  low  pressure  warning  light. 

h.  Main  wing  t.ink  low  pressure  warning  lighc. 

c.  Leading  edge  tank  low  pressure  warning  light. 

d.  Fuselage  tank  leserve  low  warning  light 

e.  Fuel  filler  ice  warning  light. 

f  ATO  indicator  light. 

g  l  urii  and  slip  iiidicatoi  warning  light. 

h.  Gyro  instiaiuvoi  warning  light. 

2.  The  ejection  seat  handles,  canopy  jettison  “T” 
handle,  tip  tank  jettison  handles  and  the  bomb  salvo 
button  background  a.e  improperly  color  coded. 
FilAD  r,  2-2.5.10.1  requires  chat  they  be  painted 
orangc  ycllov'  with  black  stripes. 


I'hc  fuselage  tnnk  switch  iiidkaior  l>Kht  'houKI 
he  clianKcil  from  amber  to  fjrccn. 

I.  'I'lic  I  rov'sion  ioi  a  master  caution  light  and  a 
caution  panel,  instead  of  the  various  advisory  lights 
scattered  throughout  the  cockpit,  'vould  greatly 
facilitate  the  pilot  identification  of  a  situation.  The 
installation  of  a  panel  woi  Id  reduce  the  time  in¬ 
volved  to  identify  the  light,  especially  a:  night 
time. 

5.  The  present  fire,  overheat  and  canopy  warning 
lights  should  be  replaced  with  the  rectangular 
legend  lights  presently  utilired  in  more  modern 
airciaft.  I'iiis  type  of  light  provides  positive  iden¬ 
tification  of  the  malfunctions  but  will  not  blind 


the  pilot  during  night  or  instrument  conditions 
ns  does  the  present  light.  The  take-off  trim  position 
light  should  also  be  replaced  with  this  type  of  light. 

6.  The  movement  of  the  front  cockpit  interphone 
control  box  forward  to  tne  vacant  position  just  aft 
of  the  throttle  rjuadrant  would  facilitate  pilot 
switch  actuation. 

7.  The  fuel  ovcthoar'l  vent  light  is  not  dimmable 
and,  therefore,  .i  f'.ls  'o  b'^- '  the  pilot  if  ilhie-.ina'cd 
at  night  or  during  instrument  conditic.is.  This  light 
is  frequently  actuated  at  the  start  of  steep  descents 
utilized  during  instrument  flying  conditions.  I'he 
light  should  be  replaced  with  one  that  is  dimmable. 


■  ground  handling 

Visibility  (I’.iring  all  ground  iiandling  operations 
from  the  front  cockpit  is  satisfactory  while  the 
rear  cockpit  forwar<l  visibility  is  restricted. 

Directional  control  is  provided  Oy  asymmetric 
braking  and  results  in  a  turning  radius  that  is 
considerably  larger  than  that  found  for  a  similar 
aircraft  equipped  with  nose  wheel  steering.  A 
complete  stop  after  a  sharp  turn  can  often  result 
in  a  cocked  nose  wheel.  Brake  pedal  forces 
deflections  are  satisfactory. 

Idle  power  is  suflicient  to  maintain  the  proper 
taxi  s|)eed  once  the  aircraft  is  rolling.  The  use  of 
brakes  in  turning  a  sharp  corner  will  require  the 
addition  of  pover  .0  obtain  the  original  taxi  .speed. 

Taxiing  the  aircraft  with  the  canopy  open  can 
result  in  a  rapid  directional  oscillation  of  the  can¬ 
opy  which  is  transmitted  to  the  cockpit  instrument 
panels.  The  vibrations  and  noise  associated  with 
this  oscillation  are  annoying.  The  vibration  can  be 
eliminated  by  changing  the  canopy  position  or 
placing  the  canopy  in  the  fully  closed  position. 


m  takd'Off  parformano* 

The  take-off  sequence  is  initiated  by  stabilizing 
at  80  percent  and  releasing  brakes  after  engine 
instruments  are  checked  for  satisfactory  operation; 
power  is  then  immediately  increased  to  military. 
All  take-offs  were  made  using  30 degree  flaps.  Direc¬ 
tional  control  is  maintained  with  brakes  up  to  50 
knots  IAS  at  which  time  the  rudder  becomes  effec¬ 
tive.  Directional  control  is  then  maintained  with 
rudder  and  ailerons  when  requited.  Nose  wheel 
lift-off  is  initiated  at  85  knots  and  the  aircraft 
rotated  to  the  take-off  attitude  at  10  knots  below 
take-off  airspeed. 

i  he  aircraft  can  be  lifted  off  the  runway  at  an 
indicated  speed  of  107  knots  but  is  subject  to  air¬ 


frame  buffet  and  reduced  control  effectiveness.  The 
recommended  Flight  Manual  speeds  of  120  knots 
for  normal  take-off  and  115  knots  for  minimum 
ground  roll  are  satisfactory. 

The  gear  was  left  in  the  extended  position  until 
passing  through  an  altitude  of  fifty  feet  at  which 
time  the  gear  retraction  cycle  was  initiated.  The  flap 
retraction  was  initiated  at  140  kn  ts  and  the  aircraft 
r'‘owcd  to  accelerate  while  iiiuiii...  .mg  a  sl'"ht 
climb  angle. 

The  Flight  Manual  take-off  data  for  the  T-33A 
is  optimistic  for  both  the  ground  roll  ai.d  the  total 
distance  to  clear  50  feet.  Tl..  ground  roll  distance 
for  sea  level  standard  day  conditions  at  a  brake 
release  weight  of  14,900  pounds  and  a  lift-off  indi¬ 
cated  airspeed  of  120  knots  results  in  a  ground  run 
of  3890  feet.  The  Flight  Manual  data  indicates  a 
ground  run  of  2900  feet  under  the  same  conditions. 
The  Flight  Manual  total  distance  to  clear  a  50  foot 
obstacle  at  an  indicated  airspeed  of  135  knots  is 
4450  feet.  Test  value  to  clear  a  50  foot  obstacle  at 
the  same  indicated  airspeed  is  5180  feet  or  more 
than  16  percent  in  excess  of  the  value  given  in  the 
Manual. 

Ground  roll  distances  and  total  distance  to  50 
feet  with  the  external  ttHve!  pod  installed  are  iden¬ 
tical  to  the  standard  configuration.  No  extra  allow¬ 
ance  need  be  given  when  planning  a  take-off  with 
this  configuration. 

Take  off  performance  with  a  low  tbru-..-  .-nginc 
results  in  take-off  distances  that  are  tlightly  greater 
than  those  required  with  an  average  thrust  engine. 
Ground  roll  with  the  low  thrust  engine  is  increased 
by  150  to  20fc  feet  and  the  distance  to  50  feet  is 
increased  by  150  to  300  feet,  depending  on  the 
speed  at  take-off  and  at  50  feet. 
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Tiike-ufl  iltthi  is  presented  in  figure  t.  Appendix  I 
mid  ;i  summarized  iti  the  following  table: 
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■  climb  performance 

The  climb  performance  of  the  T-33A  aircraft  is 
adequate  fur  its  mission.  The  military  and  normal 
rated  power  climb  performance  contained  in  the 
Flight  Manual  is  slightly  conservative  at  altitudes 
below  33,000  feet  but  is  optimistic  above  this  alti> 
tude.  Acceleration  and  climb  tests  indicate  that 
climbing  the  aircraft  at  speeds  higher  than  the 
Flight  Manual  recommended  schedule  will  require 
the  same  time  and  fuel  to  reach  any  given  altitude 
but  will  give  slightly  better  range.  Partial  fuel 
loads  in  the  tip  tanks  (60  gallons)  increase  the  rate 
of  climb  by  350  feel  per  minute  over  that  for  the 
aircraft  with  full  tip  tanks.  The  addition  of  the 
standard  travel  pod  does  not  greatly  reduce  the 
climb  performance  if  the  climb  schedule  recom¬ 
mended  in  the  Flight  Manual  is  used.  Climbing  the 
aircraft  at  higher  than  Flight  Manual  recommended 
speeds  with  the  travel  pod  installed  results  in  a  rate 
of  climb  reduction  of  approximately  150  feet  per 
minute  at  all  altitudes.  Low  installed  thrust  does 
not  significantly  reduce  the  climb  performance  if 


the  low  and  high  thrust  engines  can  be  operated 
at  the  same  (100  percent)  engine  speed.  However, 
engines  in  the  field  operate  at  speeds  th  it  vary  hy 
as  much  a:  2  percer;:  c.i-.:sing  a  300  to  50C  feet  per 
minute  variation  i.v  climb  performance. 

The  climb  is  entered  aftei  a.,  acceleration  from 
take-off  to  the  initial  c!:i'..!i  vrhedulc.  Thv  aircraft’s 
nose  is  rotated  upward  at  approximately  ten  knots 
below  the  desired  climb  speed  and  (he  schedule 
iiiuiuia.'ned  by  'nitially  reducing  the  indicated  air¬ 
speed  two  knots  per  thousand  feet. 

Acceleration  and  sawtooth  climb  tests,  flown  to 
determine  the  best  climb  schedule,  indicate  that 
the  aircraft  should  be  climbed  at  higher  speeds  than 
are  recommended  in  the  Flight  Manual.  However, 
initial  climb  tests  were  flown  at  too  high  a  speed 
and  a  sligntly  slower  schedule,  lying  between  the 
lest  and  Flii  'it  Manual  schedule,  is  recomni'Midcd. 
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I'bc  jollou  iHi;  hihle  si/»i)Hti'hes  the  data  presented 
in  I'ignres  ?  thru  4,  Appendix  I  for  the  three  climh 
sihi’diiles  flou'ti: 


euMB  aoHmuLn 


MUMt-n 

FIIPR  RMIHI 

1— V.  tmwmkt—i. 

SL 

270 

200 

200 

2«l 

WM 

1MN 

iM 

270 

IM  . 

IM6S 

241 

HI 

HM 

10,000 

210 

m 

20,011 

2* 

IH 

MlOOO 

211 

MJOO 

201 

210 

40J00 

100 

111 

41,000 

100 

HI 

4M00 

100 

m 

.  -.-X — 

Test  climbs  flovn  nt  rh<*  b-ghor  speed  schedule 
indicate  that  greater  range  ir  obtained  fur  the  air¬ 
craft  with  tip  tanks  installed.  There  is  no  significant 
change  in  the  time  to  climb  or  fuel  ujeti  but  the 
increased  speed  gives  a  10  nautical  r.i.'e  increase  in 
range  when  climbing  to  40,000  feet.  Tl  is  climb 
schedule  should  be  used  as  an  alternate  if  rr.aximum 
range  is  desired,  .'ince  the  recommended  Flight 
Manual  climb  schedule  is  easy  to  follow  and  results 
in  comparable  performance,  no  chf.  ige  in  the  Flight 
Manual  schedule  is  proposed.  Climb  data  for  all  con¬ 
figuration  and  schedules  tested  is  presented  in  Fig¬ 
ures  5  through  9,  Appendix  I.  The  following  table 
summarizes  the  test  data  obtained  with  2-230 
gallon  tip  tanks  installed  and  compares  it  with  t'li 
data  from  the  Flight  ^ianual. 
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Climbs  performed  with  60  gallons  in  each  tip 
tank  resulted  in  a  3S0  feet  per  minute  increase  in 
rate  of  climb  over  the  full  tip  tank  condition  at 
altitudes  up  to  30,000  feet.  Above  this  altitude,  the 
difference  reduces  to  250  feet  per  minute  at  43,000 
feet.  This  data  is  presented  in  Figure  5,  Appendix  1. 

The  addition  of  a  standard  external  travel  pod 
reduces  the  climL-  ;'rrformance  by  less  than  100 
feet  per  minute  at  ail  altitudes  when  the  Flight 
Manual  climb  schedule  is  used.  Climbing  at  higher 
than  Flight  Manual  speeds  with  the  travel  pod  does 
not  improve  the  range  like  it  does  for  the  aircraft 
without  a  travel  pod.  Therefore,  the  Flight  Manual 
recommended  climb  schedule  should  always  be 
used  when  the  travel  pod  is  carried.  The  folio-. ing 
table  summarizes  the  climb  performance  for  die 
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configuration  v/ith  2-230  gallon  tip  tanks  aud  if 
external  travel  pod.  Figure  H.  Appendix  I.  The 
Flight  Manual  data  shows  no  l^■  <'cru.I^.e  in  perform¬ 
ance  when  carrying  th^  travel  pod,  thus  causing 
it  to  be  very  optimisiii.  .^.t  high  altitude.  1  he  serv¬ 
ice  ceiling  when  carrying  the  iravcl  pod  is  42,300 
^ret  while  the  Flight  Manual  data  indicates  a  value 
of  44, /‘oo  feet. 

The  thrust  of  engines  in  service  can  be  low  be¬ 
cause  of  low  full  throttle  rpm  in  flight  or  because 
of  low  rated  thrust  after  overhaul.  Engines  that  are 
trimmed  to  produce  rated  rpm  on  the  ground  gen¬ 
erally  operate  at  rpms  from  zero  to  one  percent 
higher  during  flight.  This,  in  addition  to  the  varia¬ 
tions  in  rated  thrust  after  overhaul  can  cause  sig¬ 
nificant  changes  in  the  cliriib  perforn  ance.  Figure  9, 
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Appendix  1,  shows  the  rlimb  performance  corre¬ 
sponding  to  that  presented  in  Figure  S  (previously 
tabulated),  but  with  no  correction  for  off-standard 
engine  operation.  This  data  shows  the  engine  speed 
of  the  low  thrust  aircraft,  which  operated  at  99.3 
percent  on  the  ground,  to  be  somewhat  improved 
in  the  air.  However,  the  increase  in  engine  speed 
of  •■he  pr'<t”'ry  tc:t  aircraft  over  that  obtained  on 
the  ground  is  from  100  to  approximately  101  per¬ 
cent  The  resulting  effect  on  the  climb  performance 
is  about  13  percent  through  the  altitude  rai.ge 
checked.  When  this  data  is  corrected  for  non-stand- 
diu  engine  operation  the  reduction  in  climb  per¬ 
formance  of  the  low  thrust  aircraft  is  hardly  notice¬ 
able.  It  is  more  apparent  at  high  altitudes  but  is 
less  than  30  to  l(X)  feet  per  minute.  . 


Normal  rated  power  climbs  at  96  percent  rpni  on 
the  Flight  Manual  climb  schedule  produc'd  climb 
performance  that  was  greater  than  Fligtn  Idunual 
data  at  10,000  and  20,000  feet,  and  l.‘<s  than  the 
Flight  Manual  data  at  30,000  and  33,000  fr;t.  The 
total  time  to  climb  from  sea  level  to  33,000  fcjt  v.-as 
2.4  m.'rutes  less  tha-  the  value  given  in  the  Flight 
Manual  and  covered  a  distance  that  was  16  nau¬ 
tical  miles  shorter.  The  service  ceiling  of  41,300 
feet  given  by  the  Flight  Manual  is  very  optimistic 
as  compared  to  the  38,300  feet  value  estimated  from 
the  test  data.  The  following  table  summarizes  the 
test  and  Flight  Manual  data  fo”  normal  rated  power 
-limb  with  1-230  gallon  top  tanks  (Figure  7, 
Appendix  !). 
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The  climb  charts  presented  in  the  Flight  Manual 
are  difficult  to  interpret  and  require  an  excessive 
amount  of  time  to  obtain  the  presented  data.  It  is 
recommended  that  the  two  charts  be  combined  into 
a  single  chart  similar  to  that  ptesented  in  the  Flight 
Manual  for  later  model  aircraft. 

■  iRVRl  flight  parformano* 

The  audition  of  a  travel  pod  and  the  variation  of 
installed  thrust  from  engine  to  engine  has  only  a 
minor  effect  on  the  level  flight  performance  of  'he 
T-33A  aircraft. 


Maximum  let’ll  Flipht 

The  maximum  level  flight  speet'  is  reduced  by  as 
little  as  five  knots  indicated  airsp<ted  <it  mid-altitudes 
(25,000  feet)  when  the  travel  pod  is  carried.  At 
extreme  high  and  lev  altinjdt^s  the  travel  pod  can 
cause  as  much  as  15  knots  reduct,  on  in  maximum 
:p?’;l">.  Thrust  variations  between  aircraft  cause 
less  reduction  in  mar.imum  speed  than  does  the 
travel  pod.  The  maximum  speed  data  is  presented 
in  Figure  10,  Appendix  1,  and  is  summarized  in  the 
following  table. 
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Cruise  performance: 

The  cruise  performance  of  (he  T-33A  aircraft  is 
unaffected  by  either  the  addition  of  a  travel  pod  or 
by  the  variations  in  rated  thrust  of  the  engine  in¬ 
stalled  in  different  aircraft.  However,  if  the  standard 
travel  pod  is  to  be  carried,  the  cruise  speed  must  be 
reduced  by  about  .03  Mach  number  (approximately 
!0  ’'not:  at  ?5,0(X)  feet)  to  achieve  comparable  per¬ 
formance. 

A  comparison  of  the  test  data  found  in  Figures  1 1 


through  28,  Appendix  I.  with  tbet  contain-.d  in  the 
Flight  Manual  shows  the  Flight  Mant.ul  to  be 
essentially  correct  at  altitudes  up  lo  30,000  feet. 
Above  this  altitude  the  Flight  Manual  is  about  3 
to  4  percent  optimistic.  This  would  cause  a  pilot 
planning  a  uutiinutn  cross  countiy  mission 

to  be  30  to  40  miles  short  when  cruising  at  high 
altitudes.  A  summary  of  the  cruise  perfo:inance 
found  in  Appendix  I  is  presented  in  the  following 
table. 
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Other  unpublished  data  obtained  by  students  and 
staff  of  the  I'SAF  Experimental  Flight  Test  Pilot 
School  has  been  presented  on  the  level  flight  per¬ 
formance  summary  plot  in  Figure  11,  Appendix  1, 
this  data  shows  excellent  correlation  with  the  test 

data. 

To  facilitate  the  translation  of  the  test  data  to 
numbers  familiar  to  the  pilot.  Figures  12  through 
14  r  through  19,  and  22  through  24,  Appendix  1, 
ha’ve'been  equipped  with  double  ^les  giving 
specific  range  as  nautical  miles  per  gallon,  fuel  flow 
irM'.ons  per  hour,  und  engine  speed  as  i^rcent 
rpm.  While  this  representation  of  fuel  flow  is  con¬ 
venient,  it  is  not  correct  since  the  engine  perform¬ 
ance  depends  on  the  heat  content  per  pound  of 
fuel  and  not  per  gallon.  The  fuel  density  of  J P-4 
is  allowed  to  vary  from  6.249  to  6.675  under  military 
specification;  thus,  it  is  possible  to  have  plus  or 


minus  2.5  percent  variation  in  cruise  performance 
from  any  data  which  is  quoted  in  terms  of  volu¬ 
metric  fuel  flow  or  fuel  quantities  (NM/Gal  or 
Gal/Hr).  Since  JP-4  in  recent  years  run  i  closer  m 
6.35  Ib/gai,  tin.  V«’.ue  I.a.  been  used  to  create  the 
volumetric  fuel  tlow  scales  found  in  this  report. 


Endurance  Performance: 

The  endurance  nerformai'ce'  of  the  T-33A  air¬ 
craft  it  best  at  about  25,000  feet  tnd  170  knots  IAS. 
The  performance  above  25,000  lect  is  only  slightly 
reduced  bat  below  this  altitude  the  performance  is 
reduced  significantly.  The  speed  for  best  endurance 
is  about  151  knots  IAS  at  low  altitude  and  increases 
to  179  knots  IAS  at  42,000  feet.  The  endurance  per¬ 
formance  is  found  in  Figures  12  through  15,  Ap¬ 
pendix  I,  and  is  riiiTiiiarized  in  the  lollowing  table. 
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Rattge: 

The  maximum  range  of  the  T-33A  aircraft  with 
tip  tanks  installed  is  attained  at  .68  Mach  number 
and  at  as  high  an  altitude  and  power  setting  as 
possible.  This  results  in  a  cruise  climb  which  begins 
at  41,000  to  42,000  feet  and  ends  at  46,000  to 
47,000  feet  with  a  fuel  reserve  of  150  gallons.  The 
distance  traveled  with  the  cruise  climb  technique  is 
1032  miles,  including  the  distance  covered  during 
a  military  power  climb.  An  additional  200  miles 


may  be  obtained  by  using  a  175  knot  IAS  idle 
power  descent  from  the  end  of  cruise  to  10,000 
feet.  About  75  gallons  of  fuel  are  consumed  during 
this  type  of  descent.  A  cruise  mission  of  this  sort 
was  flown  at  a  reduced  power  setting  (98  percent 
rpm).  The  data  for  this  mission  is  presented  in 
Figure  27,  Ap|vndix  1,  and  is  summarized  in  the 
following  table. 
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liccuusc  of  air  traffic  control  restrictions  it  is  often 
iinpossihle  to  use  climb  techniques,  V  hen 

the  uircraft  is  flown  at  constant  altitude,  a  difTer- 
ent  technique  must  be  used  to  realise  the  maximum 
performance  possible  at  that  altitude.  As  for  cruise 
climb,  the  best  range  for  constant  altitude  cruise  is 
obtained  at  the  highest  altitude  attainable  to  start 
the  ctuise.  At  35,000  feet  the  total  range  including 
climb  is  reduced  by  8  percent  from  that  obtained  by 
cruise  climb  techniques  at  higher  altitudes. 

The  cruise  climb  is  accomplished  by  holding  the 
desired  Mach  number  and  allowing  the  ah'  i<ic  u- 
increase  as  fuel  is  consumed.  For  cruise  at  constant 
altitude,  the  Mach  number  for  optimum  cruise  re¬ 
duces  as  fuel  is  used  so  that  the  power  must  be 
reduced  to  hold  the  proper  Mach  number  at  each 
gross  weight  The  amount  of  the  decrease  in  in¬ 


dicated  speed  with  fuel  used  may  be  found  in 
Appendix  A,  Part  9  of  the  Flight  Manual  which 
contains  the  nautical  miles  per  gallon  data.  The 
reduction  for  cruise  at  30  'o  35.000  feet  amounts  to 
about  5  knots  in  IAS  for  each  150  gallon.,  of  fac' 
i  sed.  It  is  recommended  for  '  use  of  flight  planning 
that  a  small  table  be  added  to  the  Nautical  Miles 
Per  Gallon  of  Fuel  charts  in  Appendix  I  of  the 
Flight  Manual.  The  table  should  show  the  indicated 
airspeed  for  maximum  range  of  each  100  gallons 
of  fuel  remaining  for  tie  specified  altitude. 

A  constant  alt.kujc  missior  v.as  liown 

using  the  technique  outlined  above,  'i  ne  resultr 
confirmed  the  test  data  yielding  a  total  range  of 
950  miles  with  a  150  gallon  fuel  reserve.  This  data 
is  presented  in  Figure  28,  Appendix  I,  and  is  sum¬ 
marized  in  the  following  table. 
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with  trawl  pod 

At  the  request  of  Sacramento  Air  Materiel  Area 
an  investigation  was  made  of  sideslips  with  the 
standard  travel  pod  installed. 

Steady  state  sideslips  in  the  cruise  configuration 
were  performed  out  to  full  rudder  deflection  and 
at  indicated  airspeeds  from  190  to  300  knots.  The 
aircraft  exhibited  positive  static  directional  stabilitv 
at  all  speeds  and  degrees  of  sideslip  tested.  Ir.cr.us¬ 


ing  rudder  force  and  deflection  were  required  for 
increased  sideslip  angles.  Dynamic  lateral-direc¬ 
tional  stability  was  tested  under  the  same  speeds 
and  the  aircraft  was  observed  to  damp  in  approxi¬ 
mately  4.5  cycles.  No  adverse  charac* -ristics  were 
noted  for  this  cjnfiguration. 

Steady  state  sideslips  in  the  power  approach  con¬ 
figuration  were  performed  out  to  full  rudder  de- 


flection  at  1(5  and  165  knots  IAS.  The  aircraft 
exhibited  j-ositive  static  directional  stability 
Ih^:)u^llout  the  entire  range  of  sideslips  tested.  Ex¬ 
cessive  biifTeting  and  slight  oscillations  were  cn- 
touiitered  sslien  over  hail  rudder  dcficctious  were 
applied.  Past  cxpci ience  has  shown  that  uncontrol- 
l.ible  gyrations  can  result  when  a  large  degree  of 
sideslip  in  the  power  approach  configuration  is 
initiated  by  a  rapid  movement  of  the  rudder  to 
full  deflection. 

It  is  recommended  that  the  sideslip  restric.i-';' 
with  the  travel  pod  installed  be  the  same  as  that 
with  tip  tanks  insialled.  It  is  further  recommended 
that  the  sideslips  for  all  power  approach  config¬ 
urations  be  restricted  to  one  half  rudder  deflection. 

■  daseant 

The  .6  Mach  number  descent  performance  con¬ 
tained  in  the  Flight  Manual  is  significantly  in  error. 
Test  data  shows  the  time  to  descend  from  .55,000 
feet,  at  .6  Mach  number  with  speed  brakes  retracted 
is  15.5  minutes  and  the  distance  traveled  is  101 
nautical  miles.  This  is  almost  72  percent  greater 
time  and  84  percent  greater  distance  than  that  given 
in  the  Flight  Manual.  In  addition,  the  Flight  Manual 

The  following  table  summarizes  descent  data  pre¬ 
sented  in  Figures  29  and  30,  Appendix  I. 


labels  the  .6  Much  number  descent  as  giving  maxi¬ 
mum  range.  Tests  show  that  descents  at  any  con¬ 
stant  indicated  airspeed  between  <60  and  190  knots 
give  better  range  from  any  altitude  below  40,()(’') 
Icct. 

I'hc  Flight  Manual  calls  for  the  use  ot  speed- 
brakes  above  .35,000  feet  when  performing  the  .6 
Mach  number  descent.  This  ■•esults  in  a  decrease  in 
range.  The  speed  brakes  should  not  be  extended 
above  .35,000  feet  during  .6  M,.  .h  number  descents 
"■  maxiniiiin  range  is  'leairtd.  iM..  -iKum  rarp.e  is 
obtained  at  175  knot;  indicated  speed  with  idle 
power  and  speed  brakes  retracted.  In  this  conflgura- 
tion  from  .35,000  feet  it  is  possible  to  travel  1 15 
mile-:,  i.-i  29.6  minutes  with  360  pounds  (57  gal.)  of 
fuel  used. 

Two  descents  were  .made  at  250  knots  IAS  with 
the  speed  brakes  extended.  The  first  was  made  with 
idle  power  and  the  second  with  85  percent  rpm  to 
provide  pressurization  and  defogging.  The  descent 
performance  is  approximately  the  same  above 
35,000  feet  and  differs  by  2000  feet  per  minute  at 
lower  altitudes  with  the  85  percent  rpm  giving  the 
lower  rate  of  descent.  It  is  recommended  that  data 
for  these  descents  be  included  in  the  Flight  Manual. 
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made  while  holding  o  isiant 
indhateil  airspeeds  of  IfiO  and  knots  show  the 
I'liglii  Manual  values  to  he  conservative.  The  table 
below  compares  the  engine-out  descent  data  pre- 
scMii'-l  in  I'ignrc  ,  Ap|H‘ndi*  I,  with  that  shown 
in  the  Flight  Manual. 
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The  Flight  Manual  recommended  speed  provides 
adetjuate  rpm  for  restarting  the  engine  and  decreases 
the  time  to  descend  without  greatly  decreasing  the 
distance  traveled.  This  increases  the  probability  that 
brttery  power  will  be  available  at  low  altitude.  The 
only  instances  w'here  a  pilot  should  reduce  speed 
slightly  is  where  the  glide  distance  to  a  runway  is 
marginal  and  an  airstart  is  not  contemplated. 


■  landlns  parformano* 

The  recommended  procedures  and  techniques  in 
the  T-.V^A  Flight  Manua'  .ire  satisfat  tory  for  normal 
traflic  pattern,  approach  and  landing. 

banding  distances  pub'i  .ucd  foi  a  "Haul  .''top" 
in  the  Flight  Manual  are  satisfactory  in  that  it 
represents  the  minimum  short  held  distances  pos¬ 
sible  with  the  aircr.:ft.  Addirional  data  should  be 
included  in  the  Flight  Manual  to  reflect  the  landing 
distances  with  normal  techniques  and  moderate 
braking. 

The  Flight  Manual  recommended  prcccdure  fo, 
a  minimum  run  landing  includes  the  immediate 
retraction  of  Haps.  Test  data  indicates  that  there  i* 
no  noticeable  difference  under  any  type  of  braking 
whether  the  flaps  arc  left  down  or  retracted.  The 
landings  on  n  wet  or  icy  runway  should  be  made 
with  the  flaps  down  since  the  aerodynamic  drag  will 
be  greater  than  the  increase  of  the  braking  force  on 
this  type  of  low  friction  surface.  If  no  barrier  is 
available  on  the  landing  runway  it  is  to  the  pilot's 
advantage  to  leave  the  speed  brakes  extended  dur¬ 
ing  the  ground  roll.  Landings  were  made  using 
light,  moderate  and  heavy  braking  with  flaps  full 
down  (100  percent).  The  table  on  page  16  sum¬ 
marizes  the  landing  performance  presented  in  Fig¬ 
ure  Appendix  1. 
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will'll  very  li){ht  briikinf{  is  iilili/cil  the  f(ruuiii) 
mil  is  si^ni!.('iiiitl>  increasiu.  VC'ith  a  very  lif{hl 
hral'ir.rt  atui  a  toiiclidown  speed  of  l(K)  knots  a  VXM) 
loot  grotiiid  roll  will  rcMiU. 

■  •nalnw  purformano* 

One  of  the  objectives  of  this  test  program  was  to 
investigate  the  variations  and  the  causes  for  varia¬ 
tions  ol  installed  thrusts,  and  to  check  fur  possible 
di'ierioration  in  thrust  with  engine  life.  Thv"  •' 
no  correlation  of  thrust  with  total  engine  life  and 
only  a  small  an.ount  of  correlation  exists  Isctwecn 
thrust  and  time  since  last  overhaul.  One  engine 
(S/N  A-OH517(i)  having  loss  installed  thrust  and 
1&)  hours  of  operating  time  was  removed  and 
checked  fur  ....id  thrust.  The  thrust  deterioration 
was  fuumi  to  nr  less  than  100  pound.s  since  overhaul. 
This  is  fairly  reasonable  considering  that  further 
inspection  revealed  a  malfunctioning  fuel  control 
and  excessive  compressor  and  turbine  deformations 
that  approached  the  maximum  limits. 

The  J.VTA-.?5  Engine  installed  in  the  T-3.1A-5 
aircraft  is  rated  at  -1600  pounds  thrust  uninstalled. 
When  installed  in  the  aircraft  this  value  drops  by 
approximately  800  pounds.  The  military  power 
thrust  varies  considerably  from  engine  to  engine. 
The  highest  installed  thrust  measured  on  the  seven 
aircraft  tested  was  4275  pounds  and  the  lowest  was 
.5880  pounds.  The  exhaust  gas  temperatures  (FGT) 
varied  from  676  degrees  to  720  degrees  C.  There 
is  some  correlation  between  low  thrust  and  low 
exhaust  gas  temperatures  but  positive  correlation 
was  nut  established.  All  high  thrust  engines  had 
high  EGT  (above  6%  degrees  C);  however,  some 
low  thrust  engines  had  high  EGT'.,  as  well.  Thus, 
an  engine  having  military  power  EGT  that  is  less 
than  685  or  690  degrees  centrigrade  might  be  sus¬ 
pected  of  having  low  thrust  and  should  be  checked 
unless  the  take-off  and  climb  performance  indicates 
otherwise. 

The  large  variation  in  engine  thrusts  .and  conse- 
ijucntly  aircraft  pterformance  is  attributed  not  to 


thrust  deterioration  hut  to  engine  trim  and  the 
broad  thrust  limits  allowed  after  the  engine  is  over- 
linuled.  Engines  trimmed  to  lOt)  (wreent  rpm  on 
the  ground  do  nut  always  operate  at  the  same  S|y:ed 
in  flight.  As  n  uch  as  one  |Krceiit  inrrcMse  in  engine 
v|v<‘i'il  WHS  rxperiencetl  in  flight  .luring  these  tests 
and  caused  significant  variations  in  climb  perform¬ 
ance. 

Uccausc  of  the  long  service  life  of  the  ).5.5-A-.55 
engine  numerous  overhauls  h.i  .  '  been  accomplished, 
''iiis  has  causetl  consi.K:.,'.<lv  ..i- ,ii  in  the  ilirust 
oupur  between  engines,  especially  since  the  only  re¬ 
quirement  fur  an  acceptable  engine  is  that  it  pro¬ 
duce  46(X)  pounds  or  uninsialled  thru.ii  at  exhaust 
ga.'.  temperatures  which  arc  less  than  715  degrees 
centigrade.  J-.5.5  engines  have  been  known  to  pro¬ 
duce  5200  pounds  of  thiust  without  exceeding  the 
temperature  limits.  This  constitutes  a  13  percent 
deviation  fron.  the  rated  thrust  which  can  cause  n 
greater  percentage  deviation  in  take-off  and  climb 
performance.  In  addition,  there  is  no  mandatory 
overhaul  cycle  for  the  engine.  This  allows  some 
thrust  deterioration  in  addition  to  the  broad  range 
of  thrust  ratings  allowed  above  the  46(X)  pound  value. 
If  accurate  performance  figures  are  to  be  presented  in 
the  Flight  Manual  it  is  first  necessary  to  limit  the 
maximum  as  well  as  the  minimum  allowable  thrust. 
It  is  recommended  that  thrust  after  overhaul  be 
required  to  fall  between  4600  and  48(X)  pounds,  and 
that  the  engine  trim  be  checked  periodically  on  the 
ground  and  in  flight  to  insure  that  the  IfX)  percent 
rpm  has  not  varied  significantly.  This  would  limit 
the  percentage  variation  in  aircraft  performance  to 
a  reasonable  value. 

The  specific  fuel  consumption  (pounds  of  fuel  per 
hour  per  pound  of  thrust)  is  1.20  and  do-.  -.ary 
by  more  than  2  percent  between  aTcraft. 

The  tabular  -'ummary  of  the  installed  'hnisr  data 
presented  in  Figures  45  through  51,  Appendix  I, 
along  with  enp--  •.  overhaul  data  obtained  from 
maintenance  records,  is  presented  in  the  following 
table. 
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During  (he  ground  static  thrust  runs  the  exhaust 
gas  temperature  system  was  calibrated.  Significant 
errors  exist  in  this  system  except  in  the  limit  EGT 
range.  In  most  instances  the  indication  is  10  to  20 
degrees  lower  than  the  actual  temperature.  A  good 
part  of  this  problem  is  attributed  to  the  reading 
accuracy  of  the  indicator  face.  A  more  accurate 
and  more  readable  instrument  (EGT  Indicator 
lype  MJ>4)  is  available  in  Air  Force  stock  and 
should  Im  installed  to  provide  better  EGT  indi¬ 
cation. 

■  wmlfllit 

I'he  engine  start  gross  weight  of  the  test  aircraft 
was  I  $.280  pounds  which  compared  favorably  with 
the  representative  weight  of  15,100  pounds  given 
in  the  Flight  Manual.  The  take-off  center  of  gravity 
was  exactly  half  way  between  the  fore  and  aft  limits. 

Since  the  T-33A  aircraft  has  a  fuel  counter  system 
installed  in  the  standard  production  aircraft,  *his 


system  was  calibrated  and  used  for  these  tests.  The 
calibrations  showed  this  system  to  have  less  than 
1/10  of  one  percent  error  for  all  fuel  flow  rates. 
However,  this  figure  can  be  misleading  because  the 
counters  are  a  subtractive  type  which  indicate  gal¬ 
lons  remaining.  It  must  be  presume!  (La:  the  air¬ 
craft  are  hlled  to  the  same  level  each  tiir?  prior 
to  flight.  However,  if  the  refutiing  crew  is  hurried 
and  sufficient  time  it  not  alluv.'ej  ‘zz  the  fuel  to 
equalixe  itself  between  the  baffles  in  the  tanks  it  is 
possible  to  be  thcr:  by  30  cr  40  gallons.  Even  during 
controlled  conditions  it  wu  not  possible  to  fill  the 
tanks  to  the  tame  level  each  time,  and  the  total  fuel 
capacii;  .aried  by  as  much  at  10  gallons  (60  to  65 
pounds). 

The  capacity  of  the  fuel  system  was  checked 
against  a  calibrated  truck  and  by  weighing  the  air¬ 
craft  before  and  after  the  refueling  operation.  The 
fuel  capacities  of  the  individual  tauxs  compare  fa¬ 
vorably  with  (host  given  in  the  Flight  Manual.  A 
tabular  summary  of  this  data  follows. 
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The  normal  fuel  density  figure  for  JP-4  used  in 
preparation  of  the  Flight  Manual  is  6.5  pounds  per 
gallon.  Present  day  fuel  densities  for  JP-4  can  run 
from  6.249  to  6.675  pounds  per  gallon.  This  can 
cause  a  2  to  2.5  percent  variation  in  aircraft  weight, 
thus  causing  some  variation  in  peiformancc.  Like¬ 
wise,  if  the  fuel  density  has  been  reduced  it  is 
anticipated  that  some  change  in  the  beat  content  of 
the  fuel  has  been  experienced.  Thus,  if  the  hear 
content  has  been  reduced  the  aircraft  performance 
per  pound  of  fuel  is  reduced  resulting  in  lew  range 
available.  Hecause  of  this  discrepancy  in  fuel  density 
and  heat  content  of  the  fuel,  specific  range  and  fuel 
flows  quoted  in  terms  of  gallons,  as  in  the  Flight 
Manual,  can  be  in  error.  Therefore,  it  is  recom¬ 
mended  that  this  fact  be  explained  in  the  Flight 
Manual  and  that  the  Flight  Manual  hgures  be  based 
on  a  more  representative  fuel  density.  The  fuel  den¬ 
sity  used  throughout  this  report  to  convert  from 
gallons  to  pounds  is  6.35  pounds  per  gallon;  how¬ 
ever,  this  figure  may  ao\  representative  Air 
Force  wide  and  should  be  checked  before  it  is  ac¬ 
cepted  as  the  basis  for  the  Flight  Manual. 

■  airspwwaf  oalibratlon 

The  position  error  calibration  of  the  standard 
system  of  the  T-33A  aircraft  is  not  consistent.  Nu¬ 
merous  calibration  tests  flown  during  the  test  pro¬ 


gram  show  poor  repeatability  and  correlation  with 
each  other.  The  data  presented  in  Figure  32,  Appen¬ 
dix  I,  shows  plus  or  minus  2  knots  variation  from  the 
mean  with  no  apparent  variations  due  to  Mach  ef¬ 
fects.  The  variation  in  position  error  is  attributed 
to  the  fact  that  the  standard  airspeed  lyicem  utilizes 
a  flush  source  which  is  very  sensitive  to  small 
amounts  of  sideslip.  Since  the  T-33A  does  not  have 
rudder  trim  it  is  not  powible  to  trim  to  a  zero  side¬ 
slip  condition. 

The  trend  of  the  calibration  is  the  same  as  that 
given  in  the  Flight  Manual  except  that  the  corr.x;- 
tion  is  more  negative  e.r  big'.,  speed  and  more  posi¬ 
tive  at  low  speed. 

The  airspeed  calibration  is  the  same  v^  ith  gear, 
gear  and  flaps,  and  gear  flaps  and  speed  brakes  ex¬ 
tended;  however,  the  valve;;  dc  sot  egice  with  those 
given  in  the  Flight  Manual.  The  Flight  K  anual  data 
should  be  changed  to  agree  with  the  information 
givt.n  in  Figurwt,  .i2  and  33,  Appendix  I. 

An  airspeed  calibration  in  ground  effe<.t  was  ob¬ 
tained  as  part  of  the  take-off  and  landing  tests. 
Theodolite  data  was  used  to  determine  the  true 
airspeed.  This  information  was  corrected  to  equiv¬ 
alent  and  compared  r>.  the  indicated  airspeed  noted 
in  the  cockpit.  This  data  is  presented  in  Figure  34, 
Appendix  I. 
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CONCLUSIONS 


The  T-33A  aircraft  satisfactorily  performs  its  mis¬ 
sion  as  a  basic  trainer  and  as  a  combat  readiness 
trainer.  However,  certain  cockpit  discrepancies  make 
it  unlike  any  aircraft  in  the  present  Air  Force  in¬ 
ventory.  If  this  aircraft  is  to  be  used  to  train  pilots 
to  fly  modern  day  aircraft,  its  cockpit  features  should 
.-nore  closely  conform  to  modern  standards. 

The  Flight  Manual  data  for  the  T-33A  aircraft 
with  tip  tanks  installed  is  in  general  agreement  with 
the  test  results;  however,  some  discrepancies  exist. 
The  Flight  Manual  take-off  performance  is  very 
optimistic  and  must  be  changed.  The  Flight  Manual 
climb  and  cruise  perfo:  .nance  at  low  and  medium 
altitudes  are  satisfactory  but  are  optimistic  above 
35,000  feet  for  the  climb  and  above  25,000  for  the 
cruise.  There  is  insufficient  descent  data  presented 
in  the  Flight  Mar-  .d  and  that  which  was  checked 
IS  in  error.  The  landing  performance  given  in  the 
Flight  Manual  is  satisfactory  but  does  not  represent 
the  distances  for  normal  braking  conditions. 

Tiie  installation  of  a  standard  travel  pod  does  not 
affect  the  cruise  performance  of  the  aircratt  if  the 


cruise  speed  is  reduced  by  .03  Mach  number.  The 
climb  performance  w’ith  the  travel  pod  is  reduced 
by  approximately  150  feet  per  minute  at  all  altitudes. 
The  take-off  and  landing  performance  is  not  affected 
by  the  installation  of  the  travel  pod. 

Undue  sideslip  restrictions  have  been  placed  upon 
the  aircraft  when  carrying  a  travel  pod.  These  re¬ 
strictions  need  not  be  more  stringent  than  those  f-ir 
the  aircraft  without  the  travel  pod  However,  fiu 
both  con figu rations  the  aircraft  should  lx.  li.-.ilr-  i 
to  one  half  rudder  deflection  .sideslips  in  the  power 
approach  configuration. 

There  is  considerable  t.'-rust  variation  between 
J33-A-r>5  engines  installed  in  ''''-33A  aircraft.  This 
is  caused  by  broad  overhaul  tolerances  and  by  the 
tact  tiinr  thoiv  is  no  mandatory  overhaul  cycle  on 
the  engine.  Installed  military  power  thrust  varies 
from  3880  pounds  to  4275  pounds  or  by  10  percent. 
However,  the  specific  fuel  consumption  is  relatively 
constant  for  all  engines.  This  results  in  variations 
in  take-off,  climb  and  maximum  spe-d  performance 
but  has  little  effect  on  the  cruise  performance. 


A,  The  following  safety  of  ilight  items  are  of 
sufficient  urgenc)-  to  require  immediate  action: 

1.  Provide  the  ejection  system  with  a  positive 
pilot-seat  separator  (page  2). 

'  2.  Modify  the  ejection  seat  to  give  a  ground 
level  cjcaion  capability  at  take-off  and  landing 
speeds  (page  2). 

3.  Re-locate  the  normal  starting  and  airstart 
switches  to  a  more  accessible  position  where  they 
may  be  easily  identified  and  actuated.  Reduce  the 
number  of  switch  actuations  to  complete  a  given 
operation  to  a  minimum  (page  2). 

B.  The  following  recommendations  arc  made  to 
pre  .ent  cxccciivc  ilirust  variations  which  cause  sig¬ 
nificant  performance  differences  between  T-33A  air¬ 
craft  in  service. 

I.  Engine  trim  of  all  aircraft  in  service  should 

periodically  checked  both  on  the  ground  and 
in  flight  to  insure  that  the  l(X)  percent  rpm  does 
not  vary  significantly.  One  percent  can  account 
for  as  much  as  140  pounds  of  thrust  accompanied 


by  a  400  feet  per  minute  change  in  the  rate  of 
climb  at  sea  level  (page  17). 

2.  It  is  recommended  that  a  maximum  allow¬ 
able  tnrust  limit  be  esublisbed  at  4800  pounds  in 
addition  to  the  4600  pounds  minimum  thrust 
presently  required  so  that  the  aircraft  perform¬ 
ance  will  more  realistically  conform  to  that  which 
is  published  in  the  Flight  Manual  (page  17). 

3.  It  is  further  recommended  that  a  ’eal'Stic 
overhaul  cycle  be  established  to  prevent  <tbnormal 
thrust  deterioration  which  results  from  exces¬ 
sively  long  periods  of  operation  bti;'’eeii  over¬ 
hauls  (page  17). 

C>  It  is  recommended  that  the  Flight  Manual  be 
changed  to  reflea  the  results  of  this  report.  Specific 
areas  which  require  attention  are: 

1.  The  take-off  data  must  be  revised  (page  3). 

2.  The  climb  presentation  should  be  simplified 
and  the  data  should  be  changed  to  agree  with 
flight  test  results.  Include  travel  poii  climb  di.ta 
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in  the  Flight  Manual  (pages  8  through  11). 

3.  Change  the  high  altitude  level  flight  data. 
Revise  the  cruise  climb  instructions  to  reflect  a 
constant  Mach  number  climb  and  required  rpm 
cruise.  Include  instructions  for  cruising  with  a 
travel  pod.  Include  a  table  on  each  specific  range 
chart  to  show  the  proper  cruise  airspeed  lor  eseii 
1(X)  gallons  of  fuel  remaining  (pages  11  through 
14). 

4.  Correct  .6  Mach  number  descent  data  con¬ 
tained  in  the  Flight  Manual  and  add  175  knots 
and  7^0  lrno«  idle  and  85  percent  rpio  descent 
data  tu  rhe  Flight  Manual  (page  15). 

5.  Include  additional  landing  data  for  opera¬ 
tional  (light  to  moderate)  braking  conditions. 
The  distance  required  when  clearing  an  obstacle 
should  be  included  in  the  landing  presentation 
(page  16). 

6.  It  is  recommended  that  all  Flight  Manual 
data  be  based  on  z  more  realistic  fuel  density 
which  represents  the  Air  Force  wide  average  value 
(page  19). 

7.  No  additional  sideslip  restrictions  need  be 
imposed  upon  the  aircraft  when  carrying  a  travel 
pod.  However,  it  is  recommended  that  the  aircraft 
be  restricted  to  half  rudder  deflection  sideslips  in 
the  power  approach  configuration  both  with  and 
without  the  travel  pod  (page  15). 

Da  The  following  recommendations  should  be  ac¬ 
complished  to  improve  the  cockpit  of  the  T-33A 
aircraft  and  to  make  it  more  compatible  with  the 
cockpits  of  modern  day  aircraft.  These  corrections 
can  be  accomplished  bv  using  agencies  with  a  min- 
imiT,.  of  effort. 

1.  Replace  the  following  warning  lights  (pres¬ 
ently  color  coded  red)  with  amber  filte's  (page  3): 


a.  Tip  tank  low  pre.'.,ure 

b.  Main  wing  tank  low  pressure 

c.  Leading  edge  tank  low  pressure 

d.  Fuselage  tank  reserve  low 

e.  Fuel  filter  icc 

f.  ATO  iiidacat'.u 

g.  Turn  and  slip  indicator 

h.  Gyro  instrument 

2.  Change  the  color  of  the  fuselage  pump  indi¬ 
cator  from  amber  to  green  (page  4). 

3.  Color  code  ;hc  following  items  orange- 
yellow  with  black  striping  (page  3): 

d.  Ejection  seat  handles 

b.  Canopy  jettison  "T”  handle 

c.  Tip  tank  jettison  handles 

d.  Bomb  salvo  button  background 

4.  Replace  the  present  fire,  overheat,  canopy 
warning  and  take-off  trim  indicator  lights  with 
rectangular  legend  lights  of  the  type  utilized  in 
later  model  aircraft  (page  4). 

5.  Provide  a  dimmable  fuel  overboard  vent 
light  (page  4). 

6.  Install  a  more  accurate  exhaust  gas  tempera¬ 
ture  indicator  to  prevent  possible  over  Tempera¬ 
ture  conditions  that  tan  inadvertently  occur  with 
the  present  indicators  (page  18) 

D,  The  following  items  should  be  acc  tniplished 
if  future  Technical  Order  iiio,'.irications  are  pro¬ 
grammed- 

1.  Provide  a  master  caution  panel  to  replace 
the  varlod..  warning  lights  scattered  throughout 
the  cockpit  (page  4). 

2.  Move  the  front  cockpit  interphone  control 
box  forward  (page  4). 
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ond 

notaSlons 


b 

WInt  Spin 

« 

• 

Airplani  Elllciincy  Faetir 

— 

F, 

Crstt  Thrust 

lbs 

F., 

Nat  Thrust 

lbs 

M 

Mach  Nunibir 

MAC 

Mean  Airadynamic  Chard 

ft 

P, 

Amblant  Praisurt 

"Hi 

T. 

Amhlint  Timptraturi 

•R 

T.. 

Campresser  lelat  Ta'al  Tamparatwa 

•R 

\ 

Tu'tina  DItcharta  Taniparitura  (ECT) 

•R 

W, 

Grass  Walfht 

lbs 

w, 

Fual  Flaw 

Ibi/hr 

V, 

Trua  Alripaad 

kU 

IAS  cr  V., 

Indkatad  Airspaad 

kts 

CAS  sr  V. 

Callbratad  Airspaad 

kti 

n 

Narmsl  Laid  Factar 

1 

N 

Enilna  Spaad 

RPM 

dh/dt 

Data  af  Climb 

ft/mln 

(dh/dtl. 

Rata  af  Climb  wbila  aeealaratint 

ft/ min 

dV./dH 

Climb  Schaduli  Aualintlni 

kts/ft 

J. 

Prassura  Ritia 

P./2f.l2 

Campraiiar  Inlat  Prasiura  Ratia 

P.,/2I.I2 

An  incramantal  Chanfa  at  tba 

Viriabla  which  It  pracadai 

Tampentura  Ratia 

T./2DD. 

"■i 

Campraisar  Inlat  Tampantara  Ratia 

T,,/2M. 

subscripts 

a  Anblant  CanditiaH 
I  Staadard  Day  Caadltlaii 
t  Tait  ar  Stafnatlan  (tatall  caadltiaai 

■  data  analysis  malhoda 

Take-Off  Performance; 

The  take-off  perfor<i.j'3tc  data  presented  in  this 
report  was  measured  by  AFFTC  Photo  I'heodolite 
Facilities  and  was  reduced  to  sea  level  standard  day 
no  wind  conditions  in  accordance  with  the  exponen- 
trial  methods  presented  in  Reference  2.  The  test 
and  standard  thrust  were  obtained  from  the  static 
thrust  run  data  at  appropriate  values  of  corrected 
rpm,  N/V  0- 


Static  Thrust  Runs: 

The  static  thrust  measurements  performed  as  part 
of  this  test  were  accomplished  on  the  Edwards 
1'hrust  Stand  Facility.  '1  i  e  data  was  reduced  to  sea 
level  standard  day  conditions  tnrou^h  tli.  use  of  the 
parameters  FG/S„  N/V  9.,  T,,/(la  and  W,/«.V  9, 
Specific  Fuel  Consumption; 


Nnn-Stcjdy  State  Energy  Equations 
Climbs,  descents,  accelerations  and  sawtooth 
climbs  were  reduced  by  non-steady  state  techniques 
with  the  equations  being  programmed  to  the  IBM 
704  computer.  The  computer  utilizes  an  increment 
method  of  obtaining  rates,  where  the  method  of 
incrementing  it  determined  by  the  input  cards.  The 
equations  used  to  compute  the  unaccelerated  rate  of 
climb  it 


6C 


t 2.  8523  ''la  AVt 
32.172  'At 


climb  when  accelerating  was  computed  by  the  fol¬ 
lowing  expression 


where  ^  is  the  acceleration  with  altitude 

\  AH/ 

required  by  the  desired  climb  schedule 

Thrust  corrections  were  made  to  the  climbs,  accel¬ 
erations  and  sawtooth  climbs  by  means  of  slopes 
taken  from  the  engine  m'liiufacturers  model  specifi¬ 
cation,  Reference  7.  The  thrust  corrections  were 
converted  into  rate  of  climb  by  use  of  the  equation 
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,  ..  AFn  Vt,  101.33 

R/Cthrust  -•  - -= - 

B 

Weight  corrections  were  made  by  use  of  the  follow¬ 
ing  equations. 

Effects  of  Induced  Drag 
AR/Clnddrag  = 

Pag  Mb^e 

2  2  P 

nt  Wt 


nt^  Wt^  p-  -  n-J  Wt^ 

_ - - _ 


Effect  of  weight  alone 


AR/Cwelght  *  ^^/Cthrui^ 


Wt  -  W, 
Wt 


The  standard  rate  of  climb  for  accelerations  and 
sawtooth  climbs  is 

R/Cg  =  ^  +  ^R/Cthrust 

AR/Cinddrag  ■*"  ^R/Cweight 

for  climbs 

^R/Cthruit  + 


No  corrections  were  made  for  engine  overtempera¬ 
ture  or  undertemperature  conditions  nor  were  cor¬ 
rections  made  for  the  engine  being  overspeed  or 
underspeed. 


Level  Flight  Performance 

Stabilized  speed  power  data  was  obtained 
throughout  the  speed  range  by  mainraining  con¬ 
stant  weight  pressure  par'i.-netcr,  W/8.  The  data 
was  reduced  by  the  itiCthods  outlined  in  References 
1  and  4. 


Range 

Two  range  missions  were  flown  utilizing  the 
cruise  climb  technique  with  and  without  the  travel 
pod.  Another  was  flown  at  constant  altitude.  The 
dau  was  instrument  corrected  but  not  reduced  to 
standard  day  conditions. 


Landings 

Landing  data  was  obtain'^!  using  the  AFFTC 
Photo  Theodolite  Facilities.  The  data  was  reduced 
to  sea  level,  standard  day,  no  wind  conditions  ar- 
cording  to  the  methods  shown  in  References  1  and  $. 


AR/Cind  drag  "f  ^R^  *^weigHt 
for  descents 

R/i^  "  ^  dT^a  ^  ^^/^Ind  drag 

+  AR/Dweight 

Fuel  flow  corrections  for  climbs  and  accelerations 
were  based  on  the  slopes  of  the  fuel  flow  curves 
presented  in  Figures  36,  38  and  40. 


Airspeed  Calibration 

The  calibratior  of  the  ships  standard  system 
wu  obtained  by  the  tower  fly-hy,  ground  speed 
court*;  uiiti  pjcci  method's.  The  T-37,  F-104,  T-33 
and  l'-28  pacers  were  utilized.  No  effects  of  total 
head  loss  were  noted  and  all  of  the  error  was  as¬ 
sumed  to  be  caused  by  the  static  system.  The  data 
reduction  procedures  used  are  outlined  in  Refer¬ 
ences  1  and  4. 

The  position  correction  in  ground  effect  was  ob¬ 
tained  during  landings  from  photo  theodolite  data 
ct  the  touchdown  poinr. 
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APPENDIX  II 

aircraft  dimensions 

and 

design  data: 

General: 


Length 

37.72  ft 

Height 

11.67  ft 

Span 

37.54  ft 

Tread 

8.75  ft 

Area 

234.8  sq  ft 

Span 

37.54  ft 

Aspect  ratio 

6.00  with  tip  tanks 

Taper  ratio 

2.63 

Dihed;.: 

■I-  3  degrees  49.8  mm 

Incidence  root 

+ 1  degree  0  min 

Incidence  tip 

-0  degree  30  min 

Airfoil  section 

NA$A65  213.a  =  6.5 

MAC 

80.8  in 

WinR  Flaps: 

Type 

Area,  total  30.7  $q  ft 


Span,  one  flap 
Mean  chord 
Deflection  limit 

Ailerons: 

Total  area  IncludlnK 
trim  tabs 
Left  trim  tab  area 
Right  trim  tab 
Aileron  total  travel 
Aileron  trim  tab 
t;,:.^;  from  trailint 
edge 

Speed  Brakes 

Total  area 
Deflectior 


8.47  ft 
1.81  ft 
45  degrees 


17.5  sq  ft 
0.46  sq  ft 
0.48  sq  ft 
±20  degr  es  from  horizontal 


±20  degrees  from  horizo.ital 


5.8  sq  ft 
60  degri,;s  ±3  degrees 
or 

45  degrees  ±3  degrees 
(depends  on  series  of 
aircraft) 
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■  no  Jioymmotrlc  doflocllon 


moro  than 

Horizontal  Tail 


Total  area  45.5  aq  ft 

Span  15.7  ft 

Elevator  area 

InLludini  tabs  8.7  sq  ft 

Trim  tab  total  area  0.55  sq  ft 

Spring  tab  total  area  05^  sn  ft 

Elevator  deflection  +  26  degrees 

range  —16  degrees 


Trim  tab  deflection  range 

1.  From  T.  E.  elevator 

2.  Friiiii  T.  E.  elevator 

Spiiog  tab  deflection 
range 

Airfoil  section  NASA  65, 2-010 
Symmetrical  Section 


•f  20  degrees  20  minutes 
—26  !!*2rBes  up 
-I- 10  degrees 
-22  degrees 


Vertical  Tail 

Total  area 
Rudder  area  including 
trim  tab 
Tbtal  deflection 
Airfoil  section  NASA  65, 2-010 
Symmetrical  Section 


operating  Limitations 

1.  LOAD  FACTORS 

2-230  gal  centerline  tip  tanks 
Symmetrical  pullout 
•»-7.33g 
-3.00g 


No  tip  tanks 

Symmetrical  pullout 
-t-iOOf 
-3.00c 


22.5  sq  ft 

5.3  sq  ft 
±30  degress 


Rolling  pullout 
■f4.9c 


Rolling  pullout 
•i-5.33g 


2.  Maximum  Speeds 

With  or  without  2-230  gallon  centerline  tip  tanks  and/or 
travel  pod. 

505  knots  IAS  or  Mach  0.80  whichever  is  lower. 


3.  Additional  Limitations 

No  intentional  inverted  spins 

No  intentional  erect  spin  with  gear  and  flaps  down 


No  intentional  erect  spins  wiin  tip  tanks  removed  or  with 
tip  tanks  installed  and  containing  fuel. 

Rate  of  roll  limit— 158  degrees  per  second  with  2-230 
gallon  centerline  tip  tanks  installed. 

4.  Landing  Gear 

Operation  and  down  ana  locKi  j  — 195  kt: 

5.  Flaps 

45  degrees  down  — 175  kts 

6.  C.  G.  limits  -<-23.8  percent  to  >-32.0  psitent  MAC  with 
tip  tanks  installed  ■>■23.0  percent  to  ->-32.0  percent  MAC 
without  tip  tanks. 

■  lllBlot  control  syslom 

Longitudinal  control  is  provided  by  the  elevator 
which  is  powered  by  direct  linkages  to  the  control 
stick  in  each  cockpit.  The  elevator  is  divided  into 
two  jections,  one  on  each  side  of  the  rudder,  and 
is  interconnected  by  a  bar  linkage.  Spring  tabs  on 
each  side  of  the  elevator  are  utilized  to  reduce  the 
longitudinal  stick  forces.  Trim  tabs  on  each  elevator 
section  are  electrically  operated.  The  total  elevator 
deflection  available  is  26  degrees  up  and  16  degrees 
down  from  neutral. 

Lateral  coiurul  is  provided  by  hydraulic  boosted 
ailerons.  The  boost  system  reduces  the  stick  forces 
required  by  1/13  that  utilizing  the  Munut.l  System. 
Manual  operation  of  the  ailerons  is  available  i.", 
case  of  a  malfunction  of  the  i.;  draulic  system.  The 
aileron  trim  system  incorponitt-s  an  electrically  ac 
tuated  tab  on  the  left  aileron  and  a  small  ground 
adjustable  tab  or.  '.he  r!g><(  aileron.  Total  aileron 
deflection  is  ±  20  degrees  from  he  neutral  position. 

\  onventioial  rudder  is  utilized  and  is  powered 
by  direct  linkages  to  the  rudder  pedals  in  each 
cockpit.  The  rudder  trim  tab  is  ground  adjustable 
only.  Total  rudder  deflection  is  ±  .30  degrees  from 
the  neutral  posiliuii. 

The  Wing  flaps  are  of  a  split  de'.'gn  and  are  ac¬ 
tuated  by  two  electric  motors  that  are  mechanically 
intercc-nnected  by  a  flexible  shaft.  This  feature  pro- 
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vides  f'jr  flap  operation  in  case  one  motor  fails; 
however,  this  unsymmctrical  flap  deflection  causes 
the  aircraft  to  roll  toward  the  flap  with  the  failed 
motor. 

Two  speed  brakes,  located  beneath  the  rear  cock¬ 
pit,  are  hydraulically  operated.  The  total  deflection 
available  is  either  45  degrees  or  60  degrees  depend¬ 
ing  on  the  series  of  aircraft.  The  majoiity  of  aircraft 
in  the  inventory  have  two  position  speed  brakes, 
i.e.,  either  opened  or  closed.  Some  late  model  air¬ 
craft  have  continuously  variable  control  allowing 
braking  to  be  adiusteH  between  full  opened  and 
fuM  closed. 

■  lual  sysletm 

The  fuel  system  consists  of  a  fuselage  tank,  four 
wing  tanks  and  two  external  tip  tanks.  All  wing 
and  tip  tanks  feed  into  the  fuselage  tank  which 
supplies  fuel  to  the  engine.  The  fuselage  tank,  main 
wing  ranks,  and  leading  edge  tanks  all  incorporate 
a  boost  pump  to  transfer  fuel  under  pressure.  The 
tip  tanks  utilize  engine  air  to  force  feed  fuel  into 
the  fuselage  tank.  The  sequence  in  which  fuel  is 
burned  is  manually  controlled  by  the  pilot  by  turn¬ 
ing  the  bcxist  pumps  and/or  ptessurization  on  or 
off.  In  case  of  electrical  failure  the  fuel  from  the 
fuselage  rank  and  tip  tanks  are  available  for  engine 
operation.  Keteiencc  page  19. 

■  powar  plant  oparallon 

The  T-.53A  aircraft  is  powered  by  a  J33-A-35 
turbojet  engine  which  is  manufactured  by  the  Alli¬ 
son  Division  of  the  Creneral  Motors  Corporation. 
'I'he  engine  is  rated  it  4600  pounds  at  military 
power  (100  percent  rpm).  Wlic;'  Installed  in  the 
T-33A  this  value  is  recluce«j  by  approximately  800 
pounds  for  static  conditions.  Military  power  is  rated 
at  11,750  rpm  (100  percent)  and  normal  ratet 
power  is  11,280  rpm  196  percent). 


The  engine  utilizes  centrifugal  compression  and 
has  a  single  stage  impeller  which  produces  a  com¬ 
pression  ratio  of  4.5  io  1 .  The  compressor  and  aux¬ 
iliary  equipment  is  driven  by  a  single  stage  turbine 
wheel. 

■  s:n«l  balanc* 

Basic  wcigf.t  including  2-230  gallon  tip 


tank-s  9637  lbs 

Two  pilot'  430 

821  galloTiS  of  fuel  (at  6.35  Ibs/gal)  5213 

Engine  start  weight  15,280 


Center  >.  f  gravity  at  engine  start  is  28.8  percent 
MAC  a/id  25.2  percent  MAC  when  empty. 

■  Insleumsntatlon 

The  test  data  was  recorded  by  use  of  a  photo  panel 
recorder  installed  in  the  nose  compartment,  Instru¬ 
mentation  used  during  the  program  is  listed  below. 

Photo  Panel  Recorder; 

Airspeed  indicator 
Altimeter 

Free  air  temperature  indicator 
Tachometer 

Fuel  remaining  counter 
.Stop  watch 

Cockpit  Instruments; 

Airspeed  indicator 

Altime'er 

Tachometer 

Free  air  temperature  indicator 
Fuel  remaining  counter 
Exhaust  gas  temperature  indicator 
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